This paper investigates whether there is energy intensity convergence in the Organization for Economic Cooperation and Development (OECD) countries or not by using annual data from the 1980-2011 period. OECD countries are Australia, Austria, Belgium, Canada, Chile, Denmark, Finland, France, Germany, Greece, Ireland, Italy, Japan, North Korea, South Korea, Luxembourg, Mexico, Netherlands, New Zealand, Norway, Portugal, Spain, Sweden, Switzerland, Turkey, UK, and USA. Energy intensity is measured by the ratio of total energy consumption to total output. Energy intensity measures the energy consumption of an economy and its overall energy efficiency. We used linear and nonlinear unit root tests from the recent literature to accomplish this goal. An analysis of the test results shows that there is no convergence in Chile, Finland, Greece, Ireland, South Korea, Luxembourg, Mexico, Netherlands, New Zealand, Portugal, Spain, Sweden, Switzerland, and the UK. These countries should start implementing changes to their energy policies to achieve effective energy use.
Introduction
Energy intensity is measured by the ratio of total energy consumption to total output, measured as Gross Domestic Product (GDP). It measures the energy consumption of an economy and its overall energy efficiency. High energy intensities indicate a high price or cost of converting energy into GDP. Low energy intensity indicates a lower price or cost of converting energy into GDP.
This ratio is a measurement used in the comparison of the countries in this How to cite this paper: Canel, C., Guris, S., Guris, B., Öktem, B. and Oktem, R. study. The oil crises experienced in the 1970's have revealed the effects of energy on the economies of countries in different parts of the world. Several studies in this area focused on the correlation between energy consumption and growth [1] [2] [3] [4] . However, there are relatively limited studies on energy effects and energy intensity.
Nilsson [5] investigated energy intensities for thirty-one countries which are evaluated from 1950 to 1988, using a purchasing power parity-based GDP measure and United Nations energy statistics. The energy intensities of low-income countries are similar to those of high-income countries when comparisons include noncommercial energy. Energy intensities have decreased for fifteen out of the thirty-one countries studied. The analysis indicates that there is a level of energy intensity, between 0.25 and 0.5 per 1000 (1980) dollars, to which many countries are converging.
Pen and Sevi [6] evaluated the convergence of energy intensities for a group of ninety-seven countries from 1971 to 2003. Convergence is tested using new methods. Applications of several unit-root tests, as well as a stationary test, uniformly reject the global convergence hypothesis. Non-convergence is less strongly rejected for Middle East, OECD and Europe sub-groups. The introduction of possible structural breaks in the analysis marginally provides more support to the convergence hypothesis. Liddle [7] investigated convergence in energy intensity using two new large data sets: A one hundred eleven-country sample spanning from 1971 to 2006, and a one hundred thirty-four-country sample spanning from 1990 to 2006. Both data sets confirm continued convergence. However, the larger data set, which adds the former Soviet Union Republics and additional Balkan countries, indicates greater convergence over the more recent time-frame. Further investigation of geographical differences reveals that the OECD and Eurasian countries show considerable, continued convergence, while the Sub-Saharan African countries show convergence amongst themselves, but at a slower rate than the OECD and Eurasian countries. By contrast, Latin American and the Caribbean and the Middle East and North African countries exhibit no convergence to divergence in energy intensity.
Ezcurra [8] investigated the spatial distribution of energy intensities in ninetyeight countries between 1971 and 2001. The results reveal the presence of a convergence process in energy efficiency levels across the sample countries during the study period, as a consequence of the evolution experienced by those countries located at both ends of the distribution in 1971.
Since economic convergence can occur if poorer countries or regions grow more rapidly than the richer countries and regions, the notation of economic convergence deals with the important question of whether poorer countries grow at a faster rate than richer countries [9] . In general, the concept of convergence may be taken into account under three categories. The first one is β type convergence. This convergence type is defined as follows in the study conducted by Barro and Sala-i-Martin [10] :
log log In case of convergence, sigma shows a negative trend in a time period. This also means that inequalities are diminishing. Sigma convergence refers to a reduction in the dispersion of income levels across economies.
The third convergence type is stochastic convergence. The stochastic convergence was introduced by Carlino and Mills [11] and Bernard and Darlauf [12] .
In their studies, Bernard and Durlauf [12] define the convergence as follows:
( ) [13] . The main advantage of this test is that results are not affected by the level of stationary. Concerning nonlinearity findings, the convergence of energy intensity among OECD countries is reviewed by using the nonlinear unit root tests of Kapetanios et al., [14] and tests of Kruse [15] and symmetric and unit root tests allowing for symmetric and asymmetric nonlinear adjustments which were developed by Sollis [16] . In this study, we considered the sensitivity of the relevant tests to lag length and selected appropriate lag length which was not used in various studies using these tests. For the series that was determined as linear, we used two structural breaks unit root test developed by Narayan and Popp [17] since it is considered to be better than other structural break tests.
The outline of this paper as follows. In section two, we explain the data and the empirical methodology, section three presents the empirical results, and the last section provides the conclusions. 
Data and Empirical Methodology

Data Description
where it x is energy intensity of country i, t x is the average energy intensity of OECD.
Empirical Methodology
The method frequently used for empirically testing the stochastic convergence is the use of unit root tests. If the series is stationary, a finding is obtained regarding that there is convergence, and if it is not stationary, a finding is achieved about that there is no convergence. The biggest problem in the studies that were carried out based on the unit root tests was the selection of the right test. Different tests selected yield different results and the findings obtained show differences. The standard tests for unit root and cointegration all have lower power in the presence of misspecified dynamics [18] . Perron [19] show that when existing structural break ignored the conventional unit root tests will be biased towards not rejecting a false null of a unit root. When researchers cannot determine a correct model specification and identify the number or form of breaks, there can be sharp decreases in test power [18] . A similar phenomenon occurs in nonlinear models. If there is nonlinearity in the data, linear unit root tests come across with power problem, and test results are biased to non-rejection of the null hypothesis [20] .
A unit root test appropriate for the data structure is selected to prevent biased
results. The series are tested using nonlinearity test developed by Harvey et al., [13] . We selected this test because it has the advantage of not being affected by stationary levels of the variables. We used nonlinear unit root tests developed by Kapetanios et al. [14] , Kruse [15] and Sollis [16] for the series on which nonlinearity finding was obtained. The reason for selecting these tests was that they are based on winter regimes smooth transition model which is considered to be more appropriate for the economic structure and have a better power compared to previous tests. We used two structural break unit root test developed by Narayan and Popp [17] for the series of which linearity was determined. The main advantage of this test is that it allows for structural breaks within the scope of the null hypothesis. In their studies, Narayan and Popp [21] ) compared performances of structural break unit root tests and demonstrated that Narayan and Popp [17] test has a better performance compared to other structural tests.
Nonlinearity Test
In this study, we used nonlinearity test developed by Harvey et al., (2008) for determination of nonlinearity properties of the series because it is not affected by stationary levels of the variables. The model to use under the assumption that time series is stationary (I(0)) for implementation of the test developed by
Harvey et al., [13] is shown as follows:
where ∆ is the first difference operator, p is the number of lags. As suggested in the studies of Harvey et al., [13] , maximum number of lags is calculated as (number of lags) 1 4 max int 8 100
and optimal number of lags can be determined by means of the sequential testing method using a 10% significance level. The null hypotheses to be used for the test are in the form of The test statistic is calculated as follows:
Here, T is the number of observations, 
The null hypotheses to use for the test are in the form of In their studies, Harvey et al., [13] suggested the below test statistic that is calculated through aforementioned two tests' statistics when stationary properties of the time series are not exactly known.
where λ is a function that convergences in probability to 0 if time series is I(0) and to 1 if time series is I(1). W λ is asymptotically distributed as 2 2 χ .
Nonlinear Unit Root Test 1) Kapetanios, Shin, Snell (2003) Unit Root Test
Kapetanios et al., [14] provide an alternative framework for a test of the null of a unit root process against an alternative of nonlinear exponential smooth transition autoregressive (ESTAR) process, which is globally stationary. Kapetanios et al., [14] proposed t y to be a mean zero stochastic process, a univariate smooth transition autoregressive of order 1, namely STAR(1) model as follows,
; , 1, ,
in which β and γ are unknown parameters and (10) and (11) 
In which 1 φ β = − . If θ is positive, it effectively determines the speed of mean reversion. Kapetanios et al., [14] 
In test procedures, specific parameter θ , which is zero under the unit root null hypothesis and positive under the globally stationary ESTAR alternative hypothesis is 0 : 0 [14] obtain the asymptotic critical value of NL t statistics for three cases in their study.
2) Kruse (2011) Unit Root Test
Kruse's [15] study shows that in real world examples, the possibility of non-zero location parameter ( 0 c ≠ ) is imminent. For that reason, Kruse [15] extends the Kapetanios et al., [14] nonlinear unit root test to allow for a nonzero location parameter ( 0 c ≠ ) [2] . Kruse [15] suggested estimation of belowmentioned model under the assumption of 0 c ≠ . 
This equation is transformed into the below form by using Taylor approximation as utilized in the study by Kapetanios et al., [14] .
Concerning this, Kruse [15] proposes a test which is a version of the Abadir and Distaso [22] for testing the null hypothesis of unit root 
For this test statistic, the critical values are tabulated in the study by Kruse [15] .
3) Sollis (2009) Unit Root Test
KKS test is based on the assumption of that mean reversion is symmetric at every point. This assumption means that negative and positive deviations have the same effect. Sollis [16] stretched this assumption and developed a new test procedure that allows for symmetric or asymmetric nonlinear adjustments. In this test, the speed of mean reversion is different depending on the sign of the shock, not only the size [23] . The model to use for the test based on the AESTAR model developed by Sollis [16] is as follows:
Here, 
The critical values of F statistic are tabulated by Sollis [16] . When the null hypothesis is rejected, the null hypothesis of symmetric ESTAR, ( )(
where
, 
where 
, denotes true break dates. The break dates are selected using sequential procedure that selects the break dates when the absolute t-value of the break dummy coefficients is maximized.
The test equation used for Model 2 (M2) that allows for two structural breaks n level on average and in trend is presented below. 
Empirical Findings
We reviewed whether the series to examine at the first stage of the study for convergence were linear or not by using the test developed by Harvey et al., [13] . are not nonlinear. By using this basic finding, convergence is investigated for the countries having nonlinear data using the tests of Kapetanios et al., [14] , Kruse [15] and Sollis [16] . Table 2 shows the results.
The first part of Table 2 belongs to the test of Kapetanios et al., [14] .
According to these test findings, only energy intensity of USA converges to OECD average. The second part of Table 2 includes the findings concerning to Kruse test [15] . According to these results, energy intensity of Australia and Turkey converge to OECD average. The final part of Table 2 belongs to the test results developed by Sollis [16] . According to these results, energy intensity data of Australia, Germany, North Korea, Turkey, and the USA converges to OECD average. Also, there is the asymmetric effect on Australia and Turkey. We used Narayan and Popp [17] test for the series on which linearity finding was obtained. Table 3 shows the results.
According to the results in Table 3 , energy intensity in Austria, Belgium, Canada, Denmark, and Norway converges to OECD average. The convergence is not beside the mark for Chile, France, Finland, Greece, Ireland, Italy, Japan, South Korea, Mexico, Netherlands, New Zealand, Portugal, and Switzerland.
Conclusions
The oil crises experienced in the 1970s revealed the importance of the energy in the world economy and how energy impacts global markets in so many different ways. The energy intensity is the measurement used for the energy efficiency.
Energy intensity is measured by the ratio of total energy consumption to total
